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(54) PROCESS FOR RECOVERY OF PRECIOUS METALS FROM 
COPPER-CONTAINING MATERIALS 



(71) We, FALCONBRIDGE NICKEL 
MINES LIMITED, a company incorporated 
under the laws of Ontario, Canada, of P.O. 
Box 40, Commerce Court West, Toronto 

5 Ontario, Canada, do hereby declare the inven- 
tion, for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed to be particularly described 
in and by the following statement: — 

10 This invention relates broadly to recovery 
of metal values from solid particles, more 
specifically to recovery of precious metals 
from particles of sulphide concentrates, mattes 
and the like, and particularly to an improved 

15 method for recovery of the platinum group 
metals from such materials containing copper. 
Further reference to precious metals in the 
specification will be made by the abbreviation 
PMs and this term will be understood to refer 

20 collectively to gold and the six platinum group 
metals, namely platinum, palladium, rhodium, 
ruthenium, osmium and iridium. 

The platinum group metals occur in nature 
commonly in sulphide deposits in association 

25 with base metals, such as nickel, cobalt and 
copper. The total concentration of PMs in dif- 
ferent ores varies widely but at most is only a 
few parts per million. Prior recovery of nickel, 
cobalt and copper is therefore the common 

30 approach to recovery of PMs from such ores, 
regardless of their PM concentration. In gen- 
eral, the mineral values in the ore are first con- 
centrated by physical means and smelted to a 
matte. In treating the matte for recovery of 

35 nickel, cobalt and copper, other base metals, 
notably iron, and the bulk of the sulphur are 
also removed. While the PMs are largely 
retained in the remaining solids as a PM con- 
centrate, such concentrates still consist 

40 largely of base metals and sulphur, albeit at 
higher PM concentrations than that of the 
original matte, and thus the first stages of their 
treatment for PM recovery are base metal and 
sulphur removal, and further concentration of 

45 PMs in the progressively decreasing amount 
of solids. The solids are ultimately leached in 
aqua regia, on a relatively small batch scale, to 
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dissolve PMs. Unfortunately, however, only 
some of the PMs are dissolved and thus not 
only the solution but also the leach residue 50 
must be further treated for recovery of PMs. 

While the bulk of the PMs are believed to be 
present in a sulphide form in the concentrate, 
the incomplete leach is believed to be due 
largely, if not completely, to the presence of 55 
insoluble PM oxides in the concentrate result- 
ing from high temperature oxidation, specific- 
ally roasting, to which the PM concentrates 
are commonly subjected during removal of 
base metals, notably copper. If, in addition to 60 
roasting, the matte or concentrate has been 
subjected, at some stage, to high temperature 
treatment under reducing conditions, or if 
there are native PMs in the original ore, it is 
quite possible that there would be metallic 65 
PMs in the concentrate which are not readily 
susceptible to acid leaching. 

How the various PMs are distributed and 
associated in these phases and which are 
soluble is not precisely known, but in the aqua 70 
regia leaching of PM concentrates resulting 
from existing processes, only gold, platinum 
and palladium are dissolved to any appreciable 
extent, while rhodium, ruthenium, iridium and 
osmium remain substantially undissolved in the 75 
leach residue. 

An object of the present invention is to pro- 
vide a process for the treatment of PM con- 
centrates, which is not only simpler and more 
efficient than existing methods but also advan- 80 
tageously avoids roasting and the consequent 
formation of PM oxides that are insoluble in 
aqua regia. In fact all the PMs in concen- 
trates treated by the present process are sub- 
stantially completely leached in aqua regia 85 
thereby eliminating further costly treatment of 
the leach residue and providing one solution 
from which all the PMs can be conveniently 
recovered. 

One operation which characterizes the 90 
present process is preferential leaching of cop- 
per with respect to PMs in the concentrate, 
such as the chlorine leaching taught in co- 
pending applications Nos. 2330/72 and 
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46255/73 (Serial Nos. 1378051 and 1378053). 
It is this step which replaces prior art means 
of copper separation by sulphuric acid leach- 
ing of copper oxide in a roasted concentrate 

5 which also contains PM oxides rendered in- 
soluble in aqua regia. Following the copper 
leach the elemental sulphur generated by oxi- 
dation of sulphide sulphur is separated from 
the concentrate by any of a variety of methods 

10 and the PMs are then dissolved in aqua regia 
to leave a substantially barren residue. 

An alternative preferential leach may be a 
pressure sulphuric acid leach wherein the con- 
centrate is treated, in an autoclave, under an 

15 overpressure of oxygen. The residue again con- 
tains elemental sulphur, PMs and gangue 
which can be treated, by various known 
methods to yield sulphur and a similar final 
PM concentrate to that described above. 

20 In practising preferential copper leaching 
according to the above-noted copending appli- 
cations it has been discovered that while the 
copper— PM separation is substantially com- 
plete with some concentrates, there is consider- 

25 able PM dissolution with copper from other 
concentrates. Thus additional process means 
to ensure that copper — PM separation is sub- 
stantially complete during the chlorine leach- 
ing step are necessary and form the basis of the 

30 present invention. 

Thus a principal object of the present inven- 
tion is to provide an improved process for 
recovery of PMs from sulphidic PM concen- 
trates, particularly those containing copper. 

35 A further object of the present invention is 
to provide a process for the improved separa- 
tion of copper from PMs in such concentrates. 

The present process is applicable to the 
treatment of sulphidic PM concentrate par- 

40 tides in general, and particularly to those con- 
taining copper. According to the process of 
the present invention copper is removed from 
such particles by a preferential oxidizing leach- 
ing of copper with respect to PMs such as by 

45 the practice of the invention described in the 
copending U.S. application referred to above 
or by pressure sulphuric acid leaching with an 
oxygen overpressure. In either case sulphide 
sulphur is oxidized to elemental sulphur rather 

50 than to sulphate, and the elemental sulphur 
remains in the leached solids for later removal 
by any of a variety of known methods, and the 
PMs are then dissolved in aqua regia from 
which they can be separately recovered. The 

55 essence of the present invention is the practice 
of conditioning the PM concentrate particles 
prior to preferential leaching of copper by 
treating the particles in a mineral acid in the 
presence of hydrogen sulphide thereby increas- 

60 ing the separability of copper from PMs in the 
subsequent copper leach. 

The invention will be more clearly under- 
stood by reference to the following drawings 
in which: 

65 Fig. 1 is a generalized flowsheet of a pro- 



cess for recovering PMs from sulphide 
materials; 

Fig. 2 is a generalized flow sheet of the pro- 
cess of the invention. 

As indicated in Fig. 1 the process is dis- 70 
tinguished by its simplicity relative to existing 
processes. It consists at most of three succes- 
sive stages of conditioning and upgrading of a 
PM concentrate followed by aqua regia leach- 
ing of PMs and recovery thereof from solu- 75 
tion, advantageously as individual metals. PM 
concentrate feed to the process of this inven- 
tion can derive from a variety of sources and 
have a variety of compositions and thus the 
term PM concentrate is defined for purposes of 80 
this specification as any sulphidic PM-bearing 
material in which the value of the PMs recov- 
ered from the material exceeds the cost of 
treating the material for their recovery. Thus, 
a nickel-copper matte containing, for example, 85 
0.002% PMs, is not a PM concentrate because 
the total value of the recovered PMs, assum- 
ing 100% recovery and a reasonable overall 
unit value of $100 per troy oz, is only about 
$60 per short ton of matte, an insignificant 90 
amount compared to the cost of recovering the 
nickel and copper alone. Upon recovery of the 
bulk of the nickel and copper from such a 
matte, however, the remaining solids can 
readily qualify as PM concentrate. Nickel 95 
anode slimes with a PM concentration of, say, 
0.1%, for example, have a recovered PM 
value of about $2500 per short ton even assum- 
ing only about 80% PM recovery. Since this 
value exceeds the cost required to treat the 100 
slimes for such PM recovery, this and other 
similar materials are regarded as PM concen- 
trates for purposes of this specification. A 
nickel-copper matte prepared directly from a 
relatively high grade PM-bearing ore, for 105 
example, and having 0.1% PMs without any 
prior recovery of nickel or copper, is as much 
a PM concentrate as nickel anode slimes 
recovered from lower grade PM-bearing 
mattes, and can be treated according to this HO 
invention in a similar manner. Other PM con- 
centrates can derive from PM ores from which 
PMs are commonly recovered as relatively 
rich gravity concentrates and while such con- 
centrates might not contain large or even sig- 115 
nificant concentrations of nickel, cobalt, copper, 
or other base metals, they can nevertheless be 
treated for recovery of PMs advantageously 
according to the practice of the present inven- 
tion. 120 

As shown generally in Fig. 2, the PM con- 
centrate is first conditioned as an agitated 
slurry in a mineral acid such as hydrochloric 
acid or sulphuric acid, in the presence of 
hydrogen sulphide. When using the preferred 125 
hydrochloric acid, the conditioning is advan- 
tageously carried out under conditions similar 
to those described in U.S. Patent 3,085,054 
for HC1 leaching of nickel-copper matte. Thus 
the concentrate is finely ground, slurried with 130 
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HO, and treated at a temperature of at least 
about 60°C in the presence of H 2 S. Prefer- 
ably, hydrochloric acid in excess of that 
required to leach all acid-soluble constituents 
5 of the matte is present. The H 2 S is provided 
either from an outside source or in situ upon 
dissolution of iron and nickel sulphides that 
may be present in the concentrate, or from 
both sources simultaneously. Copper and PMs 

10 remain substantially undissolved and therefore 
become concentrated in the treated solids. The 
source of H 2 S is not important. It matters only 
that H 2 S be present to ensure that substan- 
tially all the PMs and copper are found in the 

15 treated solids. 

Copper and PMs are next separated, as indi- 
cated in Figs. 1 and 2, by a controlled prefer- 
ential oxidizing leach of die treated solids such 
as by the method described in the copending 

20 applications referred to above, and wherein 
the solids and chlorine gas are fed to an agi- 
tated aqueous slurry containing cuprous ions 
at a carefully controlled redox potential. The 
redox potential of the slurry increases upon 

25 feeding chlorine and decreases on feeding the 
particulate solids, so that by controlling the 
rate at which the solids are fed relative to 
the rate at which chlorine is fed, it is possible 
to maintain the redox potential at or below 

30 the selected potential at which copper is 
leached from the solids preferentially to PMs. 
It is during this stage that the advantageous 
effect of the preceding acid-H 2 S treatment on 
the PMs becomes evident. Separation of copper 

35 from PMs by chlorine leaching of sulphidic 
materials is best effected at a redox potential 
between about 450 mv and about 500 mv with 
respect to Pt-calomel electrodes, and it has 
been discovered that when the PM concentrate 

40 is first treated with acid-H.S as described, 
separation of copper from PMs during subse- 
quent chlorine leaching is substantially com- 
plete. Thus the PMs remain, as in the first 
stage, in the leach residue, and of course at an 

45 even higher level of concentration. In the 
absence of the acid-ILS treatment, on the 
other hand, significant dissolution of PMs can 
occur along with the copper. Further reference 
herein to redox potentials will be understood 

50 to relate to Pt-saturated calomel electrodes. 

As an alternative to the chlorine leach, and 
as indicated in Fig. 2, the treated solids may 
be subjected to- another oxidizing leach such as 
pressure leaching with H 2 SO. r containing 

55 liquors, in the presence of an oxygen over- 
pressure to oxidize sulphide sulphur to elemen- 
tal sulphur. The redox potential of the agi- 
tated leach slurry is controlled, as referred to 
above, to between about 450 mv and 500 mv 

60 and the temperature is maintained below about 
90°C to prevent melting of the elemental sul- 
phur produced. A characteristic oxygen over- 
pressure is in the order of about 10 atmo- 
spheres. 

65 The third stage, as shown in Fig. 1, results 



in further concentration of PMs by removal, 
from the oxidizing leach residue, of elemental 
sulphur formed during the oxidizing leach. 
This separation can be effected by various 
methods, as indicated in the co-pending appli- 70 
cations referred to above. The most satisfactory 
methods are characterized by gentle treatment 
conditions in which elemental sulphur is coaxed 
from the solids at low temperatures or by dis- 
solution in highly selective solvents, thereby 75 
leaving the PMs at a high level of concen- 
tration in the solids, and avoiding changes in 
their condition that might result from more 
severe treatments such as high temperature 
roasting. 80 

The high-grade PM concentrate resulting 
from removal of the bulk of the base metals 
and their associated sulphur in the original 
concentrate by the above three treatment 
stages, is next leached in aqua regia and advan- 85 
tageously all the PMs are substantially com- 
pletely dissolved. The solution is then treated 
for recovery of PMs therefrom. 

As mentioned earlier, practice of the above 
process without the initial acid-H 2 S condition- 90 
ing step can lead in the treatment of some PM 
concentrates, to dissolution of PMs during the 
following preferential oxidizing leach for cop- 
per. The reasons why PMs in some concen- 
trates are more soluble in the copper leach than 95 
those in others, and what the acid-H 2 S treat- 
ment does to the latter to render the PMs less 
soluble are not understood. It is suggested 
however, that the answer may be associated 
with the initial presence of PMs in some con- 100 
centrates in metallic form which become con- 
verted to sulphide form during the acid-H 2 S 
conditioning step. Such an effect could account 
for the improved separability of copper from 
PMs by an oxidizing leach following the acid- 105 
H 2 S treatment because, as explained in the co- 
pending applications cited above, separation 
of copper sulphide from PMs by chlorine 
leaching is greater when the PMs are in sul- 
phidic rather than metallic form. That PMs HO 
may exist in metallic as well as sulphidic 
form in concentrates resulting from tie treat- 
ment of nickel and copper ores for recovery of 
the nickel and copper^ is understandable in 
view of the treatments to which such ores are 
subject in recovering the nickel, cobalt and 
copper. 

In smelting such an ore to matte, for 
example, some of the nickel, cobalt and copper 
is generally present in metallic form, and since 120 
the PMs associate with nickel, cobalt and cop- 
per, it is reasonable to expect that, under con- 
ditions wherein metallic nickel, cobalt and 
copper exists, metallic PMs will also be present 
in the concentrates resulting from recovery of 125 
nickel, cobalt and copper from such a matte. 
Whether such metallic PMs are converted to 
sulphide form by the acid-H 2 S treatment, and 
if so how the conversion occurs, is not under- 
stood, but the surprising fact remains that PM 130 
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values in the concentrate that are soluble when 
the concentrate is treated directly for copper 
removal by selective copper leaching, are ren- 
dered insoluble under die same conditions by 

5 preconditioning of the concentrate particles in 
the acid-H 2 S treatment, so that substantially 
all of the PMs are contained in the insoluble 
residue after preferential oxidizing leaching. 
Another great advantage of the acid-H 2 S 

10 step of the present process is that nickel, and 
other base metals, such as iron, that are less 
noble than copper, are dissolved and thereby 
effectively separated from the copper which 
remains in the concentrate with the PMs for 

15 separate recovery in the subsequent copper 
leach step. Moreover, the presence of base 
metals such as nickel and iron in the concen- 
trate decreases or eliminates the need for any 
outside source of H 2 S for the acid-H 2 S treat- 

20 ment because H 2 S is generated in situ by the 
dissolution of soluble base metal sulphides. 

A further advantage of the acid-H 2 S treat- 
ment relates to the aqua regia leach. Because 
it is possible, according to existing processes, 

25 to have PMs in both metallic and oxidic as 
well as sulphidic form in the PM concentrates 
before aqua regia leaching, it is possible that 
the observed PM insolubility is due, at least in 
part, to metallics as well as to oxides. If this 

30 is the case then practice of the present inven- 



tion is an advantage even if the original PM 
concentrates contain no base metals, because in 
the present process, the initial acid H 2 S con- 
ditioning step appears to convert the metallics 
to sulphides and hence all the PMs are sub- 
stantially completely dissolved in aqua regia. 
While a PM concentrate devoid of base metals 
is perhaps unlikely, the example nevertheless 
serves to emphasize the nature, effect and 
application of the invention. 

Further illustration of the nature and value 
of the invention is provided by the following 
examples. 

EXAMPLE 1. 
This example illustrates what can happen 
when a PM concentrate is treated by the 
present process but without the initial acid- 
H 2 S conditioning step. The PM concentrate 
in" this particular case was obtained from a 
nickel-copper matte from which the bulk of 
the nickel and copper had already been 
recovered. The nickel was recovered by electro- 
refining of soluble nickel anodes, the nickel 
anode slimes were smelted to produce a new 
anode which was in turn electrolyzed to recover 
further nickel, and the resulting new anode 
slimes constituted the PM concentrate of this 
example. The concentrate analyzed approxi- 
mately in wt % : 



Cu 


Ni 


Fe 


Co 


S 


SiO a 


PMs 


46 


5 


4 


1 


16 


25 


2 



65 This concentrate was chlorine-leached under 
redox control, according to the practice of the 
invention described in the co-pending appli- 
cations Nos. 2330/72 and 46255/73 (Serial 
Nos. 1378051 and 1378053), to dissolve base 

70 metals selectively with respect to PMs. The 
redox potential was maintained at about 450 



mv under which conditions PMs in other con- 
centrates of similar compositions have been 
shown to remain substantially completely un- 
dissolved in the chlorine leach residue. In this 
case, however, the following percentage disso- 
lutions occurred. 



An Pt Pd Rh Ru Ir 
<1 1.3 1.0 11 30 28 



EXAMPLE 2. 
80 A similar result to that of Example 1 was 
obtained when a similar PM concentrate to that 
of Example 1 was roasted and hydrogen- 
reduced before being chlorine-leached under 



similar conditions to those of Example 1. In 
this case the PM concentrate was roasted at 
750°C and hydrogen-reduced at 500°C to pro- 
duce a material of the following composition 
in wt % : 



Cu 


Ni 


Fe 


S 


PMs 


71 


8 


3 


2 


1.6 



90 This material was chlorine-leached at sev- centage dissolutions of the various 
eral redox potentials with the following per- 
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Redox 
mv 


Au 


Pt 


Pd 


Rh 


Ru 


Ir 


450 


0.03 




<0.1 


3.7 


0.9 


2 


475 


0.09 


0.05 


<0.1 


4.8 


1.4 


4 


500 


0.07 


<0.07 


<0.1 


8.0 


8.2 


8 



10 



Thus while gold, platinum and palladium 
remained substantially undissolved, there was 
considerable dissolution of the other platinum 
group metals even at 450 mv. Since it is likely 
that this concentrate contained PH values in 
metallic form as a result of the reduction 
treatment, it is reasonably inferred that the 
similar dissolution pattern of PMs in Example 
1 was due at least in part to the presence of 



PMs in the concentrate in metallic form. 

EXAMPLE 3. 
In contrast to the above examples, a quite 
different result was obtained when a concen- 
trate similar to those above was smelted to a 
matte before chlorine-leaching. The PM con- 
centrate in this case had the following analysis 
in wt % : 



15 



Cu 


Ni 


Fe 


S 


SiO a 


PMs 


46 


8 


4 


14 


8 


1.2 



20 This concentrate was smelted with iron sulphide and borax and the resulting matte had 
the following composition in wt % : 



Cu 


Ni 


Fe 


S 


Si0 2 


PMs 


54 


7 


4 


20 


<1 


1.6 



Chlorine leaching of this PM matte was car- 
ried out at a redox potential of 475 mv. 



The precentage dissolutions of the various 
PMs were as shown below : 



25 



Au 



Pt 



Pd 



Rh 



Ru 



Ir 



<0.1 <0.1 <0.1 <0.1 



0.4 



Dissolution of gold, platinum and palladium 
was again substantially negligible as in 

30 Example 2, but the remarkable fact was that 
rhodium and ruthenium also remained sub- 
stantially undissolved. If the dissolution of 
rhodium and ruthenium in the previous cases 
was due at least in part to their presence in the 

35 concentrates in metallic form, then their lack 
of solubility in the present case was due pre- 
sumably to their conversion to sulphide form 
by the matte smelting procedure. Thus it 
appears that to prevent dissolution of PMs 

40 upon chlorine leaching of concentrates it is 



necessary to ensure that PMs are present in the 
concentrates in sulphide form. Whether this is 
the case or not, die fact remains that PMs 
can be substantially prevented from dissolving 
during chlorine leaching advantageously 45 
according to the practice of the present inven- 
tion, as illustrated in the following examples. 

EXAMPLE 4. 
The PM concentrate in this case was again 
derived from the same source and had a similar 50 
composition to those of the previous examples 
as shown by the analysis below in wt % : 



Cu 


Ni 


Fe 


S 


Si0 2 


PMs 


52 


4 


4 


17 


12 


1.6 
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Instead of direct chlorine leaching, or roast- 
ing, reduction or matte smeltitng prior to 
chlorine leaching the concentrate in this case 
was first conditioned in HQ in the presence 
of H 2 S according to the teachings of this 
invention. 

An agitated slurry of 200 g/1 concentrate 
in a solution containing initially 280 g/1 HC1 



was treated for 20 hours at 65°C in the 
presence of H 2 S that was bubbled into, the 10 
slurry at a rate of about 10 ml/min. Nickel 
and iron were dissolved while the bulk of the 
copper and substantially all the PMs remained 
in the solids as shown by the percentage disso- 
lutions below: 15 



Cu 


Ni 


Fe 


Au 


Pt 


Pd 


Rh 


Ru 


Ir 


3 


61 


73 


<0.05 


<0.07 


<0.07 


<0.1 


<0.35 


<0.1 



The solids were then chlorine-leached for 
separation of copper from PMs. An agitated 
slurry of 100 g/1 solids in a solution contain- 
20 ing initially 20 g/1 HC1 and 5 g/1 cuprous 
copper was treated for about 4.5 hours at 97 °C 
as Cl 2 was bubbled therethrough at 80ml/min, 



and the redox potential was held to a maxi- 
mum of 475 mv. 

About 90% of the base metals were dis- 
solved while again the PMs remained substan- 
tially completely in the solids as shown by the 
approximate percentage dissolutions below: 



25 



Cu 


Ni 


Fe 


An 


Pt 


Pd 


Rh 


Ru 


Ir 


95 


85 


90 


0.1 


0.07 


0.07 


0.2 


1.0 


0.3 



30 The residue remaining at this stage weighed trate and had the following approximate com- 
about 30% that of the original PM concen- position in wt % : 



Cu 


Ni 


Fe 


S 


Au 


Pt 


Pd 


Rh 


Ru 


Ir 


Total 
PMs 


10 


1 


0.5 


42 


0.6 


1.9 


1.8 


0.7 


0.4 


0.3 


5.7 



35 Elemental sulphur in this material was 
removed, in this instance, by reaction with 
sodium sulphite in aqueous solution to form 
sodium thiosulphate. An agitated suspension 
of the solids in the solution was maintained for 

40 several hours at 65 °C with about 10% excess 
sodium sulphite. The final pH was 7.5. Slight 
dissolution of PMs occurred but upon separa- 



tion of the solids, the solution was acidified 
and the bulk of the dissolved PMs precipi- 
tated by the reducing action of SOo generated 45 
by reaction of the acid with the excess sodium 
sulphite. Thus the solids remaining after sul- 
phur removal contained substantially all the 
PMs and had the following approximate com- 
position in wt % : 50 



Cu 


Ni 


Fe 


S 


SiG 2 


Au 


Pt 


Pd 


Rh 


Ru 


Ir 


Total 
PMs 


12 


2 


1 


10 


31 


1.0 


3.8 


3.2 


1.2 


0.7 


0.6 


10.7 



This material was next leached ia aqua regia 
and dissolution of PMs was substantially com- 
plete as shown by the following remarkable 



percentage dissolution figures for the various 
PMs: 



55 



Au 



Pt 



Pd 



Rh 



Ru 



Ir 



99.0 99.0 99.0 95.0 98.0 94.0 



7 
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The residue resulting from PH dissolution had the following composition in wt % : 



Cu 


Ni 


Fe 


SiO a 


An 


Pt 


Pd 


Rh 


Ru 


Ir 


0.1 


0.7 


1.3 


60.0 


0.03 


0.11 


<0.1 


<0.2 


<0.03 


<0.1 



10 



15 



This residue was recycled for preparation 
of fresh quantities of PM concentrate, and the 
dissolved PMs were recovered independently 
from solution by known procedures. 

Thus a concentrate containing PM values 
that has been shown to dissolve readily during 
the selective chlorine leach for copper, was 
advantageously conditioned by subjection to 
the practice of the present invention so that 
the same PM values were rendered insoluble 
under the conditions of the selective chlorine 
leach for copper. They were also substantially 
completely soluble in the aqua regia leach. As 



a result of this remarkable effect the present 
process for recovery of PMs from concentrates 
is much simpler and more efficient than exist- 
ing processes and is also broadly applicable to 
PM concentrates from a variety of sources as 
illustrated by the following example: 



20 



EXAMPLE 5. 
The PM concentrate in this case was recov- 
ered directly from a PM ore as a nickel-copper 
matte with the following composition in wt 25 

o / . 
/o • 



Ni 


Cu 


Fe 


S 


PMs 


37 


20.5 


9.9 


27.0 


~0.1 



The matte was ground to - 100 mesh, 
added slowly at a rate of lOg per minute to a 
30 leach solution that contained 280 g/1 HQ and 
30 g/1 Ni, and reacted under agitation at 
60° C and a concentration of 200 g of matte 
per litre of solution. H 2 S was produced in situ 



by dissolution of nickel and iron in the matte 
and the leach was continued until substan- 
tially all the nickel and iron and about 75% 
of the matte were dissolved. The percentage 
dissolutions of the various metals are shown 
below: 



35 



Ni 


Cu 


Fe 


Au 


Pt 


Pd 


Rh 


Ru 


Ir 


99.8 


1.0 


99 


0.4 


0.2 


<0.5 


0.8 


<0.5 


<1 



Substantially all the copper and PMs were undissolved. The composition of the remaining 
solids was, in wt % : 



Ni 


Cu 


Fe 


S 


PMs 


0.7 


73.2 


0.5 


18.6 


~0.4 



These solids were next chlorine-leached at 
45 a concentration of 100 g/1 as an agitated slurry 
with a solution containing 50 g/1 Ni, 50 g/1 
HQ and 5 g/1 cuprous copper. Chlorine was 
fed into the slurry at a rate of 70 ml/min, the 



temperature was controlled at 100°C and 50 
redox potential was controlled to 430 mv. 
About 77% of the solids were dissolved and 
percentage dissolutions of the various metals 
were as shown below: 



Cu 


Ni 


Fe 


Au 


Pt 


Pd 


Rh 


Ru 


Ir 


99 


25 


50 


<0.2 


<0.1 


<0.5 


0.8 


1.0 





At this stage substantially all the copper was completely in the solid phase which had the 
dissolved but again the PMs remained almost following composition in wt % : 



8 



1,378,052 



8 



Cu 


Ni 


Fe 


S 


PMs 


0.7 


1.4 


1.0 


77 


-1.7 



About 85% of the sulphur was present in 
elemental form and was removed in carbon di- 
sulphide at 20° C without loss of PMs, and an 
5 overall weight decrease of about 78%. 



The resulting solids were then leached in 
aqua regia with the following percentage dis- 
solutions of the PMs 



Au 



Pt 



Pd 



Rh 



Ru 



Ir 



>99 



>97 



>98 



>98 



>90 



10 The aqua leach residue weighed only about 0.5% that of the original PM concentrate and 
had the following PM content in wt % : 



Au 



Pt 



Pd 



Rh 



Ru 



<0.01 <0.03 <0.1 



0.2 



<0.03 



<0.1 



This residue, consisting almost entirely of 
Si0 2 and other gangue material, can be con- 

15 veniently returned for preparation of further 
quantities of PM concentrate. The progress 
and results of the treatment as described in 
this example are essentially silimar to those of 
the previous example although the starting PM 

20 concentrates in both cases were derived from 
different sources, were prepared by different 
methods, and were considerably different in 
composition. 

EXAMPLE 6. 

25 The effect of the acid-H 2 S pre-treatment on 
the dissolution of PMs during subsequent cop- 
per leaching is demonstrated by the following 



three pairs of runs made with different PM 
concentrates of differing sulphur concentra- 
tions. One run of each pair was a direct Cl 2 30 
leach without prior conditioning, while the 
other was a Ci 2 leach following a prior HC1- 
H 2 S preleach. The first two PM concentrates 
referred to below were similar to those 
described in Examples 1 to 4, while the third 35 
concentrate was a low-sulphur fraction of a PM 
matte similar to that referred to in Example 5. 
The HC1-H 2 S and Cl 2 leaches were all carried 
out under conditions similar to those described 
previously, the Cl 2 leach at a redox potential 40 
of 450 mv in all cases. The dissolutions of 
PMs upon Cl 2 are tabulated below. 



PM Concentrate 


Leach 


Dis 


solution of PMs upon Cl 2 L 


.eaching % 


No. Similar to 


%s 


Treatment 


Au 


Pt 


Pd 


Rh 


Ru 


Ir 


1 


Examples 1 — 4 


19.8 


Direct CL 
Prior HC1— H 2 S 


<0.01 
<0.02 


1.04 
0.04 


0.05 
0.08 


0.6 
1.0 


2.1 
1.4 


3.0 
1.3 


2 


Examples 1 — 4 


13.6 


Direct Cl 2 
Prior HCL— H 2 S 


<0.04 
0.02 


<0.02 
0.02 


0.08 
0.03 


2.1 
0.5 


17.5 
2.3 


16.7 
1.5 


3 


Example 5 


14.2 


Direct Cl 2 
Prior HC1--H 2 S 


0.3 
0.3 


0.04 
1.2 


0.02 
1.2 


49 

<3.3 


27 
1.7 


25 
1.6 



Thus it is clear that while the dissolutions 
45 of Au, Pt and Pd were negligible in all cases, 
those of Rh, Ru and Ir were significant upon 
direct Cl 2 leaching particularly for No.'s 2 and 



3, and were decreased dramatically by the 
prior HCl-HoS leach, particularly for No.'s 2 
and 3. Because these were both relatively low- 
sulphur-bearing materials and therefore pre- 



50 



9 



1,378,052 



9 



sumably contained correspondingly more 
metallic^, the data are consistent with the 
earlier hypothesis that PMs present in the 
metallic state would be expected to exhibit 

5 greater tendency to dissolve during Cl 2 leach- 
ing than those present as sulphides and that 
the effect of the acid-H 2 S treatment in decreas- 
ing PM dissolution upon subsequent Cl 2 leach- 
ing is due to the unexplained conversion of 

10 such metallics to sulphide form. Thus the 
HCl-HoS treatment had less effect on the 
behaviour of concentrate No. 1 during Cl 2 
leaching than on that of No. 2 or 3 because a 
higher proportion of the PMs was in sulphide 

15 form to begin with in No. 1 than in No. 2 or 
3. Thus the HC1-H 2 S treatment as practised 
according to the teaching of this invention has 
a profound effect on the optimum separation 
of Cu from PMs than can be effected in most 

20 concentrates by copper leaching at controlled 
redox potential. 

EXAMPLE 7. 
This example illustrates the effect of prac- 



tising the invention when the copper-PM 
separation is made by sulphuric acid leaching 25 
under an oxygen overpressure rather than by 
chlorine leaching as described in the earlier 
examples. Thus a PM concentrate similar to 
those of Examples 1 to 4 was pressure sulphate 
leached, both with and without prior condition- 30 
ing with H 2 S, by a batch technique in which 
about 500 g. of solids were slurried in 4 litres 
of solution initially containing 150 g/1 H 2 S0 4 
and treated under an oxygen pressure of 10 
atmospheres at a temperature below 90° C to 35 
avoid melting the elemental sulphur generated 
by the leaching reactions. The initial redox 
potential was about 200 mV and rose gradually 
as leaching occurred. When the redox reached 
about 480 mV, leaching was stopped and the 40 
leached solids were separated from the leach 
solution. 

Analyses of the unconditioned and condi- 
tioned PM concentrates in wt. % are compared 
below: 45 





Cu 


Ni 


Fe 


S 


PMs 


Unconditioned PM Cone. 


57.7 


3.0 


2.6 


15.9 


1.65 


Conditioned PM Cone. 


71.0 


<0.5 


0.3 


22.0 


1.93 



Conditioning of the original concentrate with The percentage proportions of the metals 
H 2 S was effected in a hydrochloric acid- leached from both these materials by the pres- 
bearing solution which accounts for the leach- sure sulphate leach are shown below: 
50 ing of iron and nickel indicated by the above 
analyses. 





Cu 


Ni 


Fe 


Au 


Pt 


Pd 


Rh 


Ru 


Ir 


Unconditioned PM Cone. 


99 


74 


77 


<0.04 


<0.04 


<0.04 


3 


10 


9 


Conditioned PM Cone. 


99 


97.5 


97 


<0.02 


<0.03 


<0.04 


1 


7 


2.5 



Thus it is clear that the conditioning treat- 
ment resulted in a marked decrease in the 
dissolution of PMs particularly that of Rh, Ru 
and Ir. 

60 It will be appreciated by those familiar with 
PM metallurgy that preferred means are here- 
in described^ according to the present process, 
for recovery of PMs from concentrates. A most 
significant difference between the present and 

65 existing processes is that selective copper leach- 
ing replaces roasting and sulphuric acid leach- 
ing as the means of separating copper from 
PMs. The oxidation of PMs that occurs dur- 
ing roasting and prevents their subsequent dis- 

70 solution in aqua regia is thereby avoided and 
dissolution of PMs in aqua regia according to 
the present process is therefore substantially 
complete. Since some PM dissolution occurs 
during direct leaching of copper from some 



PM concentrates, however, the present inven- 75 
tion is improved means for the application of 
controlled copper leaching to PM concen- 
trates specifically to minimize or substantially 
eliminate such PM dissolution. Thus according 
to the present invention, the PM concentrate 80 
is conditioned in acid solution in the presence 
of H 2 S, as described above, and PM dissolution 
upon subsequent oxidizing leaching for copper 
is thereby advantageously and surprisingly 
decreased if not substantially eliminated. 85 

WHAT WE CLAIM IS : — 

1. In a process for recovering precious 
metal from particulate solids selected from 
precious metal-bearing mattes and sulphide 
concentrates containing copper by treating the 90 
solids as an agitated slurry in an aqueous oxi- 
dizing leach solution in which metal dissolu- 
tion increases with increasing redox potential 



10 



1,378,052 



10 



of the leaching solution and sulphide sulphur 
is oxidized to elemental sulphur, the improve- 
ment for separating copper from PMs com- 
5 prising, 

i) conditioning the solids proir to leaching 
by treating the solids as an agitated slurry 
in a mineral acid-bearing solution in the 
presence of hydrogen sulphide, 

10 ii) treating the conditioned solids as an agi- 
tated slurry in said midizing leach solur 
tion at or below a selected redox potential 
at which copper in the solids is leached 
preferentially with respect to precious 

15 metals therein, thereby improving the sep- 
aration of copper from precious metals 
over that which occurs under similar redox 
conditions in the absence of prior con- 
ditioning of the solids. 

20 2. A process according to claim 1 in which 
the mineral acid is selected from hydrochloric 
acid and sulphuric acid. 

3. A process according to claim 2 in which 
the mineral acid is hydrochloric acid present 

25 in the conditioning solution in excess of that 
required to leach all acid-soluble constituents 
of the solids. 

4. A process according to claim 3 in which 
the particulate solids are matte containing base 

30 metal selected from nickel and iron and such 
base metal is leached from the solids during 
treatment thereof in the hydrochloric acid- 
bearing solution while copper remains in the 
solids, thereby separating copper from other 

35 base metal in the matte while simultaneously 
conditioning the solids for subsequent separa- 
tion of copper from precious metal therein. 

5. A process according to claim 1 wherein 
said oxidizing leach comprises, 

40 i) chlorine leaching the conditioned solids 
as an agitated slurry in a cuprous ion- 
bearing chloride solution, the redox 
potential of which increases upon feed- 
ing chlorine thereto and decreases upon 

45 feeding the solids thereto, and 



ii) controlling the redox potential by con- 
trolling the rate of feeding chlorine 
relative to the rate of feeding solids to 
the slurry. 

6. A process according to claim 1 in which 50 
said oxidizing leach comprises sulphate leach- 
ing the conditioned solids as an agitated slurry 

in a sulphur acid-bearing solution under an 
overpressure of oxygen. 

7. A process according to claim 5 or 6, 55 
in which the particulate solids are matte con- 
taining at least one additional base metal 
selected from nickel and iron, the mineral acid 

is hydrochloric acid present in the conditioning 
solution in excess of that required to leach all 60 
acid-soluble constituents of the solids, and said 
additional base metal is leached by the hydro- 
chloric acid while copper remains in the solids, 
thereby separating copper from said additional 
base metal while simultaneously conditioning 65 
the solids for subsequent separation of copper 
from precious metals therein. 

8. A process according to claim 7 and fur- 
ther comprising, 

i) separating leached solids from the 70 
oxidizing leach solution, 

ii) removing elemental sulphur from the 
leached solids thereby further concen- 
trating precious metal in the remaining 
solids, 75 

iii) leaching the remaining solids in aqua 
regia thereby dissolving precious metal, 
and 

iv) recovering the dissolved precious metal. 

9. A process for recovering precious metal 80 
from particulate solids substantially as herein- 
before described with reference to the accom- 
panying drawings. 

WYNNE- JONES & LAINE, 
Chartered Patent Agents, 

22 Rodney Road, 
Cheltenham GL50 1JJ. 
Agents for the Applicants. 
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